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(54) Title: PROCESS FOR PREPARING STARTER CULTURES OF LACTIC ACID BACTERIA 
(57) Abstract 

The present invention relates to a process for preparing lactic acid bacterial starter cultures, which comprises: culturing at least one 
strain of lactic acid bacteria under aeration and in an appropriate nutrient medium, in which at least one porphyrin compound is present or 
is added; harvesting the bacteria at the end of the said culture. The invention also relates to the use of lactic acid bacterial starter cultures 
obtained according to said process for preparing a fermented product. 
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PROCESS FOR PREPARING STARTER CULTURES OF LACTIC ACID 
BACTERIA 

The present invention relates to a novel process for preparing lactic 
acid bacterial starter cultures that exhibit preservation and acidification properties 
superior to those of conventionally used starter cultures. 

The preparation of fermented products begins with the inoculation 
of a food substance with a starter culture that consists of one or more bacterial strains 
having the desired characteristics for producing the final product. 

Ready-to-use starter cultures are marketed in the form of bacterial 
preparations that are generally frozen or lyophiiized. In order to ensure that the 
fermentation starts off well, the bacteria comprising the starter culture should first be 
cultured, harvested, packaged and stored under conditions that are optimal for their 
growth and also for their survival. Furthermore, in order to obtain a final product of 
constant quality, the conditions for preparing the starter culture should be 
reproducible. 

However, different stress conditions that may occur during the 
different steps of preparing starter cultures can result in altered growth and/or survival 
of the bacteria. 

First of all, when lactic acid bacteria are cultured, the medium 
becomes acidified as a natural consequence of bacterial growth. This acidification 
arrests cell division when the pH of the medium reaches a value of around 4.5, and 
also decreases cell viability. 

In addition, aside from lactic acid, lactic acid bacteria also produce 
various other antibacterial substance during growth, such as nisin, bacteriocins, 
various organic acids and diacetyl. Since these substances are more active on certain 
contaminating bacteria that may be present in the culture, than on the lactic acid 
bacteria themselves, their production in the medium initially favours growth of the 
latter. However, accumulation of these substances during the culture can also become 
detrimental to the survival of the lactic acid bacteria. 

KANEKO et al. [Appl. Environ. Microbiol., 56:9, 2644-2649 
(1990)], describe the culturing of a strain of lactic acid bacteria which possesses a high 
NADH oxidase activity and a high diacetyl synthase activity (strain 3022 of I. lactis 
subsp. lactis biovar diacety lactis), under aerobic conditions and in the presence of 
hemin and/or Cu 2 *. They observe a substantial increase in the production of diacetyl 
and acetoin. In the course of the culture, they also observe a rise in pH, following an 
initial drop, the overall result being a decline in the acidification of the culture 
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In the above documents no information is provided with regard to 
the possible effects of these culture conditions on the viability of the bacteria and their 
ability to restart growth if they are once again placed under conventional fermentation 
conditions. 

5 The present invention solves these problems through a novel process 

for preparing starter cultures comprised of lactic acid bacteria resulting in an improved 
yield, and increased survival of said bacteria, and in an improvement of acidifying 
properties of said starter cultures. 

Thus, the inventors observed that the addition of a porphyrin 
10 compound to the culture medium of lactic acid bacteria that are cultured under 
aeration, not only increased the yield of the cultures but also the viability of the 
bacteria and their resistance to the various stress conditions that can occur during the 
culture and during the packaging and storage of the starter cultures. 

The present invention relates to the use of a porphyrin compound in 
1 5 association with an aerobic culture for increasing the survival of lactic acid bacteria at 
the end of the said culture. In particular, the present invention relates to a process for 
preparing a lactic acid bacterial starter culture, for which the process comprises: 

- culturing at least one strain of lactic acid bacteria under aeration 
and in an appropriate nutrient medium in which at least one porphyrin compound is 

20 present or is added; 

- harvesting the bacteria at the end of the said culture. 

"Lactic acid bacteria" refers to a group of bacteria that belong to 
various genera and that are used in processes for fermenting food products. This group 
is principally composed of bacteria in which the main product of carbohydrate 

25 metabolism is lactic acid. However, bacteria that produce low quantities of lactic acid 
{Leuconostoc and propionic acid bacteria) are included in this list due to their use in 
fermentation processes. In general, the lactic acid bacteria concerned are those 
belonging to the genera Lactococcus. Lactobacillus, Leuconostoc, Propionibacterium, 
and Bifidobacterium, or Streptococcus salivarius. 

30 "Lactic acid bacterial starter culture" refers to any preparation that is 

intended for inoculating a medium to be fermented and that comprises a bacterial 
strain or a mixture of strains belonging to one of the above-mentioned genera; such a 
starter culture can also comprise, or consist of, strains of mutant bacteria and/or strains 
of recombinant bacteria that are derived from bacteria belonging to the above- 

35 mentioned genera. 
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2.5 to approximately 100, preferably at a concentration of approximately 5 to 
approximately 40, micromoles per litre of culture medium. 

According to another preferred embodiment of the present invention, 
the culture is aerated so as to maintain, during the entire duration of the culture, an 
5 oxygen content which is equal to at least 5 millimoles per litre of culture medium, 
preferably from 8 to 45 millimoles per litre of culture medium. Aeration can be 
effected by any means known by one skilled in the Art, for example by shaking or 
stirring the culture medium, or by passing a gaseous mixture containing oxygen such 
as air, into the culture medium. 

10 When the present invention is implemented, a bacterial biomass is 

obtained which is more substantial than that obtained when starter cultures are 
prepared by conventional methods. Furthermore, there is a greater percentage of 
viable bacteria that are metabolically active in the bacterial population. 

Despite this substantial bacterial growth, the medium is found to be 

1 5 only weakly acidified; the pH decreases less rapidly than in the case of a culture that is 
not aerated and in which there is no porphyrin compound, and this pH generally 
stabilizes at a value varying between approximately 5 and approximately 7. When the 
present invention is implemented, the decrease in the pH is regular; the pH is not 
found to fall and then rise again, contrary to what KANEKO et al. observed in the 

20 case of the L. lactis strain 3022. 

In the process of the invention, the quantity of glucose in the culture 
medium converted into lactic acid is less than approximately 40% by weight of the 
total quantity of glucose initially present. The quantity usually varies between 
approximately 5% and approximately 30% of the total quantity of glucose that is 

25 - initially present. 

The bacteria are harvested when it is considered that the bacterial 
population has reached a sufficiently high level. In the methods of the prior art, it is 
difficult to control the time of harvesting precisely; thus, while it is necessary to have 
achieved a sufficiently high bacterial population, it is also a requirement that the said 

30 bacterial population should still contain a maximum of viable bacteria. On the other 
hand, use of the process according to the invention makes it possible, at one and the 
same time, to increase the growth of the bacteria and their viability, thereby providing 
a much wider latitude for carrying out the harvesting. 

For example, it is possible to harvest the bacteria from 5 to 24 hours, 

35 advantageously from 7 to 13 hours, after the start of the culture. 



WO 00/05342 



7 



PCT/IB99/01430 



The cryoprotectant employed is advantageously alginate, glycerol, 
glycine betaine, skimmed milk, trehalose or sucrose. 

The present invention also encompasses the lactic acid bacterial 
starter cultures that can be obtained by the process according to the invention. These 
5 starter cultures can comprise one or more species of lactic acid bacteria and/or one or 
more strains of one and the same species, with all or some of the said species or the 
said strains having been cultured in accordance with the invention. Several different 
species or several different strains may be cultured simultaneously (when their 
optimal growth conditions are compatible) or else cultured separately and combined 
10 after harvesting. 

The lactic acid bacterial starter cultures which have been obtained in 
accordance with die invention can be used to inoculate a medium to be fermented, in 
particular within the context of transforming raw materials of animal or plant origin, 
for example for producing food products, such as fermented dairy products, or for 

1 5 producing molecules of interest in a fermenter. 

Upon inoculation of a starter culture prepared according to this 
invention, and using any of a variety of lactococcal strains and subspecies, one 
observes that the culture starts growth, and acidifies rapidly, even after the starter 
culture has been stored for a long period, which demonstrates that a substantial 

20 proportion of bacteria in the starter culture are viable and metabolically active, and 
furthermore that these bacteria, which are derived from cultures carried out in the 
presence of a porphyrin compounds and under aeration, are able to readapt rapidly to 
the usual conditions of lactic acid fermentation. 

The invention will be illustrated in more detail in the description that 

25 follows and that refers to non-limiting examples of the implementation of the process 
of the invention. 

I) Figure legends 

■ Figure 1 : Growth and survival of Lactococcus lactis, which is 
cultured and stored at 30°C. 

30 This figure compares the growth and survival curves of lactic acid 

bacteria (in this case Lactococcus lactis) that are cultured at 30°C with or without 
hemin and aeration according to the process of the invention. The number of viable 
cells is expressed as a function of time (number of days after inoculation, which is 
time zero), with the storage temperature of the bacteria being 30°C. The curve with 

35 the circles ( ) corresponds to bacteria cultivated by the method of the prior art 
(without hemin), whereas that with the squares (■) corresponds to the culture 
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Lactococcus lactis subsp. cremoris strain MG1363 in the forai of a 1/100 or 1/1000 
dilution of a saturated culture (prepared at 30°C with no shaking). The inoculated 
medium contained or not hemin at a final concentration of 10 ng/ml (a 0.5 mg/ml 
stock solution is prepared by dissolving 100 mg of hemin in 2 ml of 5N NaOH, to 
5 which 198 ml of water is then added; the solution is autoclaved at 120°C for 
20 minutes). For bacteria grown in medium containing hemin, cultures were 
maintained at 30°C with shaking (250 rotations per minute) in order to ensure 
oxygenation. Control cultures, without addition of hemin and without shaking, were 
grown at 30°C in parallel. After 24 h of growth, aliquots are removed to measure the 
10 optical density at 600 nm (OD^^), the number of viable bacteria, the final pH and 
the concentration of lactic acid in the medium. The results are shown in Table I. 
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These results show that a greater biomass is achieved when the 
bacteria are cultured in the presence of hemin and oxygen. This increase is 
demonstrated by the higher optical density values. Furthermore, a higher number of 
viable cells is observed when the cells are cultured in the presence of hemin and 
5 oxygen. It may also be noted that, when the cells are cultured in the presence of hemin 
and oxygen, the pH does not vary greatly and remains stable around a value of 
approximately 6.1 whatever the concentration of glucose. In contrast, in the case of 
cells cultured under conventional conditions, the pH is markedly lower at a glucose 
concentration of 1% (pH 4.5) than when the glucose concentration is at 0,5% (pH 5.7). 
10 It is also observed that the production of lactic acid by cells cultured in the presence of 
hemin and oxygen is low and is always less than 10% of the quantity of sugar added, 
whereas, in the case of the control cultures, approximately 80% of the added glucose 
is converted to lactic acid. 

2) Culturing in the presence of protoporphyrin IX 

15 A laboratory medium (Ml 7 supplemented with 1% glucose) is 

inoculated with the Lactococcus lactis subsp. cremoris strain MG1363 in the form of a 
1/1000 dilution of a saturated culture (prepared at 30°C with no shaking). The 
inoculated medium contained or not protoporphyrin EX at a final concentration of 
10 ^ig/ml ( a 0,5 mg/ml stock solution is prepared by adding 100 mg of protoporphyin 

20 DC to 2 ml of 5N NaOH, to which 198 ml of water is then added; the solution is 
autoclaved at 120°C for 20 minutes). For bacteria grown in medium containing 
protoporphyrin IX, cultures were maintained at 30°C with shaking (250 rotations per 
minute) in order to ensure oxygenation, or without shaking as a control. Two other 
control cultures, without protopoiphyin IX or without shaking, were grown at 30°C in 

25 parallel. After 24 h of growth, aliquots are removed to measure the optical density at 
600 nm (OD^J, the number of viable bacteria, the final pH and the concentration of 
lactate in the medium. The results are compiled in Table II. 
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chlorophyllin at a concentration of 100 ^ig/ml is filtered and then added to the culture 
medium so as to obtain a final concentration of 10 ug/ml. 

b) by incubating a concentrated solution of chlorophyllin for 24 h in 
Ml 7 at a pH of between 3 and 5 (acidified with HC1) and at a temperature of 4°C, 

5 30°C or 60°C. The pH is then readjusted to 7. The chlorophyllin solution, at a 
concentration of lOOjig/ml, is subsequently filtered and then added to the culture 
medium in order to obtain a final concentration of 10 ^g/ml. 

c) by incubating a concentrated solution of chlorophyllin for 24 h in 
Ml 7 at a pH of 4.5 (acidification by adding lactate) and at a temperature of 4°C, 30°C 

10 or 60°C. The pH is then readjusted to 7. The chlorophyllin solution, at a concentration 
of 100 ug/ml, is subsequently filtered and then added to the culture medium in order 
to obtain a final concentration of 10 ug/ml. 

For bacteria grown in medium containing chlorophyllin, cultures are 
placed at 30°C, with shaking in order to oxygenate the cultures (250 rotations per 

15 minute). Control cultures, to which no chlorophyllin is added and which are not 
shaken, are grown in parallel. After 24 h of growth, aliquots are removed for 
measuring the optical density at 600 nm (OD^ ^ and the final pH. 

In all the cultures carried out using preparations a), b) or c), and 
under aeration, an OD^^ which is higher than that of the control cultures by from 0.3 

20 to 0.8 units, and a pH which is higher than that of the control cultures by from 0.3 to 
0.8 units, are observed, depending on the samples concerned. No significant variation 
from the control is observed when the cultures carried out in the presence of 
chlorophyllin are not shaken. 

EXAMPLE 2: EFFECT OF CULTURING IN THE PRESENCE OF OXYGEN 
25 AND OF A PORPHYRIN DERIVATIVE, ON THE SURVIVAL OF THE 
LACTIC ACID BACTERIA DURING STORAGE AT 30°C 

A laboratory medium, i.e. Ml 7 supplemented with 1% of glucose, is 
inoculated with Lactococcus lactis subsp. cremoris strain MG1363 in the form of a 
1/1000 dilution of a saturated culture. The cultures are then divided into two equal 
30 parts, and hemin is added to one of these two cultures to give a final concentration of 
10 ug/ml. The control culture, which does not contain any hemin, is incubated at 30°C 
without shaking, whereas that containing hemin is incubated at 30°C with shaking 
(250 rotations per minute) in order to oxygenate it. Aliquots of the two cultures are 
removed regularly during the exponential growth phase in order to monitor viability, 
35 rate of growth and pH. After 24 h of growth, the cultures are placed (stored) in a 30°C 
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hemin and with a flow of air. When growth is terminated, the cultures are 
centrifuged and the pellets are frozen in liquid nitrogen and then stored at -80°C. 

The acidification properties of the starter cultures prepared by 
conventional means a) or by the process of the invention b) are measured at day 0 
5 and after 5, 8, 13, 21 and 30 days at -80°C. The growth medium, 9.5% 
reconstituted skimmed milk, is inoculated with 0.01% (w/v) of starter culture 4 a)' 
or *b)\ as above, and the fermentation is earned out at 30°C without shaking; the 
pH is measured continuously. 

The results are shown in Figure 3 (a-f). These results demonstrate 

10 that: 

- neither of the 2 starter cultures loses its properties during 

storage at -80°C; 

- from the time of its preparation, and during the entire storage 
period, starter culture b) according to the invention exhibits properties significantly 

15 superior to those of starter culture a), which is obtained using conventional 
methods. In particular, starter culture b) reaches a predetermined pH 30 to 
40 minutes before starter culture a), while showing the same acidification kinetics. 

It appears therefore, that the addition of hemin combined with 
culturing under aerobic conditions significantly improves the production of a lactic 

20 acid bacterial starter culture, and in particular the acidification performance of the 
said starter culture. 
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13) Use of a lactic starter culture according to Claim 10 for 
preparing a fermented product. 
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